Background. In Kyrgyzstan, as in many countries around the world, progress in universal salt iodization has been slow because of difficulties in enforcing existing national regulations.
Introduction

Iodine-deficiency disorders in Kyrgyzstan
As a result of the controlled production and sale of salt during the Soviet era, the prevalence of goiter in Kyrgyzstan decreased from 30% in the 1950s to about 5% in the 1970s, as determined by palpation in adults [1] . The prevalence of iodine-deficiency disorders increased greatly during the 1990s when the collapse of the Soviet Union in 1991 led to a deterioration of the health-care system and to a loss of control over the production and sale of iodized salt. (We refer to salt as iodized when iodine is added in any form, iodated when potassium iodate is added, iodinated when potassium iodide is added, and noniodized when no form of iodine is added.) Between 1995 and 1998, several studies in different regions of Kyrgyzstan among schoolchildren aged 10 to 12 years revealed severe iodine deficiency (prevalence of goiter determined by ultrasonography, 31% to 56%) and moderate deficiency in iodine nutrition (median urinary iodine excretion 30-50 µg/L) [2] . In 1994, 60.1% of 190 newborns in Bishkek and Osh had elevated thyrotropin levels (> 5 mIU/L) [3] .
In countries where iodine-deficiency disorders are a public health concern, the World Health Organization (WHO) recommends that at least 90% of households consume adequately iodized salt. WHO promotes the use of potassium iodate (iodated salt) because it is more stable than potassium iodide (iodinated salt) [4] . A review of lessons learned [5] found that the following measures were crucial for combating iodine-deficiency disorders by salt iodization: raising public awareness of the disorders, ensuring easy access to iodated salt, promoting compliance with iodization standards by the salt industry, and monitoring and enforcement. All of these measures have been addressed in Kyrgyzstan to various degrees. International organizations have helped a core group of salt manufacturers to produce iodated salt for a number of years and have implemented educational campaigns through mass media and printed material, as well as by inserting messages in educational curricula. The Kyrgyz Government adopted universal salt iodization (USI) as a national strategy by decree in 1994 and by law in 2000. These regulations forbid the import and sale of noniodized salt for human and animal consumption but exempt salt used for industrial purposes. Using qualitative test kits and/or quantitative titration, the Sanitary-Epidemiological Service under the Ministry of Health has been monitoring salt iodization at the producer level by spot checks and at the retailer level by quarterly studies.
These measures have ensured sufficient production capacity for iodated salt in Kyrgyzstan* and wide access to iodated salt, which can now be found at virtually all retailers in the country [6] . Ninety-two percent of people in Kyrgyzstan have heard about iodized salt, and 88% know it prevents iodine-deficiency disorders [7] . However, consumption at the household level has so far failed to reach the WHO goal of at least 90% of households with adequately iodized salt. In a countrywide study in 2003, 79% of the salt samples brought to school by children were iodized, but only 55% were sufficiently iodized (≥ 15 ppm of iodine, measured with test kits) [7] . A recent study titrated the iodine content of packets collected from 242 retailers from around the country; all were marked as containing iodized salt and were still within the specified expiration date. Of 338 packets, 11.5% contained no iodine, 55% had adequate iodine levels (> 15 ppm), and 13% of the packets containing iodine contained iodinated salt. In addition, 7% of the retailers had unpacked, noniodized salt for sale [6] . Every year, government agencies measure several thousand salt samples from retailers by titration and publish the results according to whether the samples contained < 25 ppm or ≥ 25 ppm of iodine (only potassium iodate is measured). The results improved slowly between 1996 (53.5% of samples with ≥ 25 ppm of iodine) and 2003 (67% of samples with ≥ 25 ppm of iodine) [8] .
The following factors seem to contribute to the continued presence of noniodated or insufficiently iodated salt at retailers and in households, even though proper legislation is in place. First, the core group of producers produce salt with inconsistent levels of iodine, even though they are provided with potassium iodate by international projects.* Second, a number of smaller companies are not supported with potassium iodate by outside projects. Some of them produce noniodized salt and label it as iodized, or they produce the cheaper but less stable iodinated salt. Last but not least, fraudulent businesses copy the packets of mainstream producers and fill them with noniodized or iodinated salt [6] .
The sources of noniodized salt include illegal imports, leakage of salt from industrial sources, and natural salt deposits. The retail price of nonpacked, noniodized salt is about 20% to 30% lower than of iodized salt. However, this does not seem to influence purchasing decisions much: only 3% of households state that they usually buy noniodized salt, 80% state that they only buy salt marked as iodized, and 17% do not care [7] .
Iodine-deficiency disorders in Naryn Oblast
Naryn Oblast, where the intervention took place, is in a mountainous region of Kyrgyzstan with a population of about 250,000. (An oblast is an administrative unit comprising several rayons, or districts.) Three-quarters of the population of Naryn Oblast live in remote, dispersed villages. In 2000 the median excretion rate of iodine in 208 children 9 to 11 years of age was 49.6 µg/L, and palpation of 4,887 children of the same age group found that 31% had goiter [9] . The percentage of retailers selling packets of iodated salt containing ≥ 25 ppm of iodine was 33% in 1996 and 44% in 2001 [8] . At a number of places in Naryn Oblast, rock salt is available and is collected at no cost.
Low enforcement of iodized salt legislation as a worldwide problem
One can conclude from the above that there is a gap in Kyrgyzstan between the legislation that has been enacted to control iodine-deficiency disorders and the ability to enforce it. A review of the recent literature indicates that Kyrgyzstan shares this problem with many countries and regions around the world. There are successes, such as Iran, where the percentage of * Personal communication: Artur Buiuklianov, Coordinator, Asian Development Bank project JPFR 9005-Kyrgzystan. Improving nutrition for poor mothers and children for Asian countries in transition, financed by the Japan Poverty Reduction Fund, Bishkek 2003.
Ensuring provision of iodated salt in Kyrgyzstan households using iodized salt increased from 50% to 90% within two years after a law for the mandatory production of iodized salt was passed [10] . In Zimbabwe, universal salt iodization led to the elimination of iodine-deficiency disorders within a few years, as measured by urinary iodine excretion and iodine content of salt at retailers [11] .
The majority of reports, however, suggest that in most countries and regions the effect of introducing legal regulations is limited, even if they are coupled with awareness-raising to create demand. These countries seem to have a common difficulty in enforcing their own regulations with regard to the manufacture and sale of iodized salt. Jooste concluded that "geographical variation in the iodine concentration of salt, and in the availability or use of iodized salt, appears to be a world wide problem" [12] . Jooste analyzed the following contributing factors for South Africa: leakage of noniodized salt into the market, inadequate iodization of salt at the production level, loss of iodine during transport and storage, and coarseness of the salt. Latief et al., in their report from Indonesia, agreed that the lack of enforcement remained a major difficulty and that "the main constraint in achieving the Universal Salt Iodization is the infiltration of uniodized salt to the markets" [13] . Numerous further examples of countries with a high percentage of households using noniodized salt, despite universal salt iodization, can be found (table 1) .
To address this problem, most authors point to raising awareness to increase demand [5, 14, 22] and/or call for better enforcement by governments [5, 17, 20, 22] . But in most of these countries enforcement cannot be easily improved, because poor enforcement is a symptom of inherent weaknesses of governance, porous borders, corruption, and lack of resources. Demanding better enforcement under such circumstances is often futile. As for raising awareness to increase the demand for iodized salt, Goh found no statistically significant correlation between public awareness of iodine-deficiency disorders and iodated salt coverage in data from Indonesia and China, and concluded that knowledge is a necessary but not sufficient condition to ensure consumption of iodated salt [5] . Ban on noniodized salt in early 1990s; by end of the 1990s, the proportion of household salt samples with < 15 ppm iodine was 15.5% according to the test kit method and 39% according to titration, with a strong variation among parts of Calcutta (between 21% and 61% by the titration method)
Purpose of this study
This study reports an innovative, effective, low-cost approach to raise the percentage of households using iodated salt to satisfactory levels in a very short time, despite ineffective government enforcement. The approach is based on empowering community members and retailers to check the iodate content of salt.
Methods
Process
Rapid test kits have been used traditionally for on-thespot qualitative or semiquantitative monitoring of the iodine content of salt [23] . A drop of the test solution turns the salt blue if iodine is present in the sample.
Innovative use of such test kits by communities and retailers was the defining element of our intervention. The strategy had two components. Component 1 consisted of Action Research (defined below) by community members, who went to as many households as they were able to cover, tested a sample of the salt in the household with a drop of the test kit, and documented the results. In addition, the community testers distributed information about iodine-deficiency disorders and their prevention, which promoted the exclusive use of iodized salt. The testing helped people learn which brands contained iodized salt and which did not, and that the rock salt used in some areas is not iodized.
Component 2 focused on salt retailers. Community members regularly tested salt at all local retailers with test kits for iodated salt, and educated the retailers about iodine-deficiency disorders and how they can be prevented by the exclusive use of iodized salt. Typically, one packet of salt was opened for testing about once a month for each retailer. The community testers also provided all retailers with test kits for iodated salt and asked the retailers to use them at the wholesale markets to be sure they purchased only iodated salt.
We used test kits from MBI Kits International (Chennai, India). These simple kits provide good qualitative indication of the presence of iodine [23] . There are two types of kit, one for iodated salt and one for iodinated salt. The initial Action Research and the follow-up at 5 to 7 months were performed using both types of test kit in order to determine the overall coverage of iodized salt and to follow the relative change in the use of iodinated and iodated salt in households. Differences between the two forms of iodine in changes in rate of usage would be the crucial means of discerning an effect of Component 2. The results of the tests conducted in the household were documented as iodated, iodinated, or noniodized salt. The cutoff point for a finding of noniodized salt was the lack of any color reaction, which meant that the tests were purely qualitative. Therefore, salt with less than 15 ppm of iodine was counted as iodized for the purpose of this study. This was done to ensure more consistent results among the large number of testers and between baseline and follow-up tests. The follow-up at 18 to 21 months was done only with test kits for iodated salt in order not to undermine the promotion of this preferred form of iodized salt.
Community participation in research is being increasingly practiced under various names, most of which seem to involve almost identical approaches. Two common terms are Action Research (also called Participatory Action Research) and Community-Based Participatory Research (CBPR). Definitions of Action Research usually include four basic themes: empowerment of participants, collaboration through participation, acquisition of knowledge, and social change [24] . CBPR has been defined as a systematic inquiry, with the participation of those affected by the issue being studied, for the purpose of education and taking action or effecting social change [25] .
Health committee volunteers and Primary Health Care staff were trained in a one-day seminar on features of iodine-deficiency disorders, their prevention through iodized salt, use of the test kits, planning the Action Research in their village, and documenting the results.
Study area and timeline
The intervention was performed in all five rayons of Naryn Oblast. However, in one rayon and in Naryn City the first follow-up at 5 to 7 months was unintentionally carried out with test kits for iodated salt only. Data from these two regions were therefore not included in the analysis.
This report analyzes the data from the remaining four rayons, with a population of 160,000 people in 89 settlements. In one rayon (referred to as area 1), both components of the intervention were performed simultaneously. In the other three rayons (area 2), Component 1 was introduced at the same time as in area 1, but Component 2 was introduced more than a year later because of a delay in the delivery of test kits from abroad. This unintended phased introduction offered the opportunity to analyze the effects of the Action Research (Component 1) and the work with retailers (Component 2) separately. Table 2 summarizes the sequence of events.
Area 1 was Jumgal Rayon, a remote, mountainous area of Naryn Oblast with 16 settlements and a population of about 40,000. In area 1, the participants in the campaign were volunteers from village health committees and personnel of Primary Health Care units living in the communities. The village health committees were formed to promote Community Action for Health [26] , defined by WHO as "collective efforts by communities which are directed towards increasing community control over the determinants of health, and thereby improving health" [27] . The population of the intervention area had identified iodine-deficiency disorders as one of their health priorities in a participatory assessment that initiated the process of Community Action for Health. The intervention was developed as a response to this community priority.
Area 2 consisted of three other rayons of Naryn Oblast (Ak-Tala, At-Bashy, and Naryn) with 73 settlements and a population of 120,000. The population of the rayons ranged between 32,000 and 40,000 people. Area 2 was similar to area 1 in remoteness and settlement structure. In area 2, the participants in the campaign were Primary Health Care personnel living in their communities, since there were no village health committees in these rayons at the time of the study.
To check the accuracy of the reported data on coverage with household salt testing, members of 85 randomly selected households in 20 villages were interviewed after the initial round of testing and asked whether their salt had been tested. At the time of the second follow-up at 18 to 21 months, informal interviews with 68 retailers were conducted on their use of the test kits. The selection of retailers was not random but occurred by chance contact in 23 villages.
Organizations supporting this study approved it in accordance with their guidelines for research in human subjects. Please see Acknowledgments section for a list of these organizations.
Results
Coverage of salt testing in households
The Action Research reached about two-thirds of households at baseline (65%) and follow-up rounds (63%) in both areas combined (tables 3 and 4) . The coverage of salt testing was higher in area 1 than in area 2. In the verification interviews, 57 of 85 households (67%) reported that testing had taken place in their houses, thus confirming the figures reported by the Action Research.
Effect of the Action Research testing campaign on the percentage of households with iodized salt (Component 1)
At baseline, the Action Research found a surprisingly high percentage of households with iodized salt (87.6% for both areas combined) but also considerable variation among settlements. Even though the baseline was high, the use of iodized salt in households rose considerably within 5 to 7 months post-intervention to 96.8% in both areas combined (table 3) , mainly by sharply reducing variation among settlements. Figure 1 demonstrates this reduction in variation as the change in the percentage of households with noniodized salt in individual settlements. 
Effects of checking salt at retailers by community members and providing retailers with test kits for iodated salt (Component 2)
At the first follow-up, performed at 5 to 7 months, area 1 saw a striking increase in the ratio of the usage of iodated to that of iodinated salt, whereas in area 2 the ratio remained almost unchanged. The difference between the areas is statistically significant (p < .001). However, at the second follow-up, performed at 18 to 21 months, the presence of iodated salt in households had increased greatly in area 2, three to five months after Component 2 was introduced (table 4).
In informal interviews with retailers, most reported using the kits to test a sample before purchasing salt at wholesale markets. Most gave two reasons for this: a responsibility to provide their communities with iodized salt, and the knowledge that noniodized salt is difficult to sell because community members will check their salt. In one instance, a retailer was threatened with banishment from the village if he continued to sell noniodized salt. 
Costs
The total cost of this intervention was around US$ 
Discussion
Both components of our strategy proved to have significant independent effects. The increase in the percentage of households with iodized salt at 5 to 7 months (from 87.6% to 96.8%, both areas combined) can be attributed to the Action Research (Component 1), because both areas showed similar increases (table  3) , with and without the additional work with retailers (Component 2). In addition, the effect of the Action Research was greatest in those settlements where the initial percentage of households with iodized salt was lowest, almost eliminating the variation among settlements ( fig. 1, table 3) . We believe that the powerful educational effect of the Action Research derived from the fact that people saw the salt in their kitchens turning blue or staying white and received an explanation of its significance. Given the high level of awareness of iodine-deficiency disorders and of the beneficial effects of iodized salt in Kyrgyzstan, this effect is probably due more to the use of existing knowledge for action than to the provision of new knowledge. It also appears that testing salt in two-thirds of the households within a short period of time results in the spread of this awareness to households beyond those actually covered by testing. The effect of Component 2 is convincingly demonstrated by the highly significant differences at first follow-up in the changes in coverage of iodated and iodinated salt both between areas and within area 1. Retailers who had test kits for iodated salt and were checked regularly with such kits appeared to selectively purchase iodated salt at wholesale markets instead of noniodized or iodinated salt. This in turn led to a sharp increase in the coverage of iodated salt and to a decrease in the presence of noniodized and iodinated salt in households. Our informal interviews with retailers support this conclusion. The test kits have become very popular among the retailers and have made them allies in promoting the use of iodated salt. The kits in the hands of retailers effectively transmit the demand of communities to the wholesale markets. The further increase of the coverage of iodated salt to 97.5% in area 1 at 18 to 21 months demonstrates that continued provision of test kits to retailers combined with checks of these retailers by community members can sustain the observed effect over time.
An independent national study in Kyrgyzstan allows us to compare our results with data from other parts of Kyrgyzstan. The study, with a sample of approximately 3000 households, found almost no increase in the coverage of iodated salt between 2002 (69%) and 2003 (72%) [7] . During this period, our intervention achieved an increase of 38 percentage points (from 66.7% to 92.1% for both areas combined) in the proportion of households with iodated salt. An intervention consisting of an intensive information campaign on iodine-deficiency disorders that also took place during 2002-2003 in three other oblasts of Kyrgyzstan resulted in an increase in the coverage of iodated salt of 18 percentage points, from 65.6% in 2002 to 77.5% in 2003 [7] . This campaign included community-based awareness programs by nongovernmental organizations, printing and distribution of information, and television and radio advertisements. An educational campaign in the local mass media in Turkey led to a an increase of 18 percentage points (from 54.5% to 62.4% over three months) in the proportion of households using iodized salt [28] .
The intervention as an answer to weak enforcement of legislation
Goh, in his review of lessons learned [5] , concedes that involvement of communities may be helpful in ensuring universal consumption of iodated salt, but concludes that enforcement by the government is critical. The reason he gives is interesting in the context of our study: "Because informed consumers cannot readily differentiate between iodated and non-iodated salt, intervention by the government as a monitor and enforcer is necessary"(italics added). Component 2 of our approach aims precisely at overcoming this inability of consumers to differentiate between iodated and noniodated salt.
The findings of this study strongly suggest that control "from below," i.e., in the hands of the people, can very effectively complement the four elements of effective iodization cited above in the Introduction. In the context of our study, this control from below proved to be the missing fifth element that catalyzed, on the basis of the four other elements, a sudden rise in the percent-age of households with iodated salt to more than 90%, about 20% higher than in other parts of the country. In the study areas this intervention effectively shut down smuggling and fraudulent operations that were leaking noniodized and iodinated salt into Kyrgyz markets. We therefore assume that if the test kits were in the hands of the vast majority of communities and retailers in the country, they could become the "teeth" that would make consumer demand bite at the level of producers and smugglers. The low costs of providing communities and retailers with test kits for continuing Component 2-estimated at US$0.005 per household per year or US$10,000 per year for the whole country-and the relatively small effort involved in doing so would allow the approach to be extended throughout the country and to be sustained as long as needed.
The costs of the approach described in this paper were very low, for the following reasons. First, the test kits are inexpensive. Second, in area 1 health committees worked voluntarily. And third, it was possible to take advantage of the Primary Health Care system in Kyrgyzstan, which has functioning units in most settlements, even in remote areas. There were no additional financial costs involved in using Primary Health Care staff for this work because it was integrated into their existing health promotion duties. The Ministry of Health of Kyrgyzstan supported the intervention because it was in line with the health reform objective of strengthening the role of the Primary Health Care system in health promotion. The greater coverage of testing in the Action Research in area 1 than in area 2 reflects the involvement of the volunteer village health committees. For Primary Health Care staff in area 2, testing without help from volunteers required considerable additional work and a greater motivational effort. In our experience, the intervention is much easier to implement with the help of voluntary organizations. However, our experience also shows that it can be implemented by a functioning Primary Health Care system with sufficient human resources.
The findings of this study suggest that in countries with difficulties in enforcing universal salt iodization regulations, it may be worthwhile to look beyond calling for better enforcement and awareness campaigns toward empowering communities and retailers to check the iodate content of salt as a means of achieving universal coverage.
Limitations of the approach
It should be noted that in this study the presence of any blue coloring in the salt after testing was interpreted to indicate iodated or iodinated salt, and that we therefore do not know the proportion of households with insufficient levels of iodine (< 15 ppm) in their salt at baseline and follow-up. Although the findings nonetheless indicate a considerable improvement over the course of the intervention, the high proportion (45%) of inadequately iodized salt found at retailers [6] remains an important challenge. The test kits we used offer a very crude semiquantitative measurement of iodine content below 15 ppm, but with mass distribution of the kits to thousands of people, only the qualitative result (i.e., absence or presence of iodine) can be used in a meaningful way. A quantitative rapid test kit has been developed [23] , but it is too complicated to be used by communities and retailers. Therefore, although data exist to suggest that our strategy does considerably improve urinary iodine excretion [29] , control from below cannot now sufficiently address the problem of inadequate iodine levels in iodated salt. Efforts are under way to use market pressure by publishing the iodate content of various brands at regular intervals.
Enabling communities to increase control over a determinant of their health
The Ottawa Charter defines health promotion as "the process of enabling people to increase control over the determinants of their health, to improve their health," and it declares that "people cannot achieve their fullest health potential unless they are able to take control of those things which determine their health" [30] . In this study, people used Action Research to investigate one reason for a major health problem that previously had been identified by them, they checked and supported retailers with test kits and monitored the outcome of the intervention. It is important to note that they did not do this to provide monitoring data for program managers, but that they used the data primarily for interaction with retailers and to give feedback to their fellow community members. They thus took control over a key determinant of their health-provision of iodated salt by retailers. The approach therefore is an example of the empowering dimension of health promotion that the Ottawa Charter calls for. The retailers themselves, most of whom were members of the community, were part of that empowering process.
Comparison with similar approaches
Traditionally, test kits are used for monitoring at the retail and household level by agencies promoting the use of iodized salt. Latief et al. pointed out the importance of test-kit monitoring for decision-making by program management in Indonesia [13] . Vir reported from India that the percentage of the population consuming iodized salt was much higher in states where test kits were used for systematic monitoring [18] . Both of these programs offer examples of the use of test kits as an educational tool for creating demand. In Indonesia, community members (teachers and nurses) monitor salt samples at the community level. The data are used by program management as well as for social mobilization and for increasing awareness at the community level. However, our literature review did not find any reports of the use of an Action Research testing campaign covering a large number of households for education and for the creation of demand. We also could not find any reports of the use of test kits as a tool to empower communities to control the salt sold to them by testing the salt at retailers. Among the reports reviewed, there are examples of the use of test kits for educational work with retailers, but we did not find an instance in which test kits were given to retailers in a systematic way to enable them to test salt at wholesale markets. Only Sinha et al. [21] discuss this as an approach that could possibly improve the iodine content of salt. Thus, in the published literature we could not find an intervention with the key elements described here: testing of salt in households by community members in a broad-based Action Research, empowering communities to test the salt at their retailers, and handing out test kits to all retailers for use at wholesale markets.
Conclusions
An Action Research based on testing salt in a majority of households is a very effective approach to increasing the use of iodized salt in households to recommended levels in a short time. Enabling communities to check the salt sold by retailers with test kits for iodated salt and providing all retailers with such test kits can rapidly ensure almost exclusive consumption of iodated salt in households, even in the absence of effective governmental enforcement of relevant legislation. The intervention is also very low cost.
